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RAWATAN EFLUEN MINYAK KELAPA SAWIT DARIPADA KOLAM 
RAWATAN AKHIR MENGGUNAKAN PENAPIS KASAR BATU KAPUR 
BAKAR 
 
ABSTRAK 
Rawatan untuk air sisa adalah salah satu masalah utama yang dihadapi oleh 
pengusaha kilang minyak sawit. Salah satu industri kilang minyak sawit terdapat di 
Sungai Kecil, Nibong Tebal, Pulau Pinang. Kilang kelapa sawit di Malaysia 
mengalami kepekatan COD, warna, kekeruhan, pepejal terampai dan nitrogen 
berammonia yang tinggi dalam efluen yang akhir selepas rawatan biologi yang 
melebihi had pelepasan piawai. Tujuan kajian ini adalah untuk mengenal pasti 
kesesuaian penggunaan batu kapur mentah (LS) dan batu kapur kalsin (CLS) sebagai 
media turasan berkos rendah bagi pasca rawatan efluen terawat dengan 
menggunakan turasan kasar mendatar. Rawatan fiziko-kimia yang digunakan dalam 
kajian ini telah dipilih berbanding kaedah lain kerana lebih ringkas, mudah 
diselenggara dan mudah bagi kawalan kualiti. Kolam akhir bagi rawatan efluen 
kilang minyak sawit adalah kolam penyudah dimana efluen terus dilepaskan ke 
dalam sungai. Efluen dalam kolam penyudah telah dipilih  menjadi sampel dalam 
kajian ini. Julat kepekatan minima dan maksima bagi kekeruhan, COD, warna, 
pepejal terampai dan nitrogen berammonia dalam kolam penyudah adalah masing-
masing 200 - 650 NTU, 2,200 – 3,300 mg/L, 3,000 – 5,000 PtCo, 400 - 730 mg/L 
dan 190 – 300 mg/L.  Saiz partikel bagi batu kapur iaitu 4, 12 dan 20 mm;kadar 
aliran seperti 20mL/min, 60mL/min, dan 100mL/min; dan suhu iaitu 400 ˚C, 600 ˚C 
dan 800 ˚C, telah digunakan dalam kajian ini. Hasil menunjukkan partikel media 
bersaiz kecil (4mm) lebih berkesan daripada partikel bersaiz besar (20 mm) kerana 
ii 
 
partikel bersaiz kecil mempunyai luas permukaan yang lebih tinggi yang 
menyebabkan kapasiti penjerapan tinggi. Selain itu, kadar aliran rendah 
menyebabkan masa penepuan tinggi, manakala kadar aliran tinggi memendekkan 
masa penepuan turus dan menunjukkan penyingkiran yang kurang berkesan. Kajian 
menunjukkan bahawa batu kapur kalsin pada suhu 800 ˚C mempunyai kecekapan 
penyingkiran yang paling tinggi bagi kekeruhan, COD, warna, pepejal terampai dan 
nitrogen beramonia (66%, 50%, 52%, 60%, 75%, masing-masing) pada media 
turasan bersaiz kecil (4 mm) dan pada kadar aliran 20 mL/min berbanding batu kapur 
kalsin pada suhu berbeza dan juga batu kapur mentah. Hasil kelompok menunjukkan 
dos optimum bagi batu kapur kalsin pada suhu 800 ˚C untuk menyingkir kekeruhan, 
COD, warna, pepejal terampai dan nitrogen beramonia (69.23%, 48.23%, 40.13%, 
70.81%, 50%, masing-masing) adalah 85 g dos batukapur; manakala masa 
pengenapan optimum adalah 5 jam. Kecekapan penyingkiran paling tinggi diperolehi 
pada keadaan berasid bagi semua parameter, tetapi NH3-N disingkirkan dengan 
berkesan pada pH 10 (58.17%) bagi batu kapur kalsin pada suhu 800 ˚C. Data 
penjerapan keseimbangan untuk kekeruhan, COD, warna, pepejal terampai dan 
nitrogen beramonia (0.959, 0.916, 0.935, 0.909, 0.977, masing-masing) lebih padan 
dengan isoterma Langmuir berbanding isoterma Freundlich kerana nilai R2 lebih 
tinggi. 
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TREATMENT OF PALM OIL MILL EFFLUENT FROM POLISHING POND 
USING CALCINATED LIMESTONE ROUGHING FILTER 
   
ABSTRACT 
Treatment of wastewater is one of the major problems faced by palm oil mill 
operators. One of the palm oil mill industries in Sungai Kecil Nibong Tebal, Pulau 
Pinang, Malaysia is experiencing a high concentration of turbidity, COD, colour, 
suspended solid and ammoniacal nitrogen in the final effluent after biological 
treatment that exceeds the standard discharge limit. The purpose of the present study 
is to investigate the suitability of using raw and calcinated limestone as low cost 
filter media for the treatment of treated effluent by using horizontal roughing filter. 
The physico-chemical treatment adopted in this study is preferred over other methods 
because of its simplicity, easy maintenance and quality control. The last treatment 
pond of palm oil mill effluent is the polishing pond where wastewater is directly 
discharged to the river. The polishing pond was selected for sampling in this study. 
The minimum and maximum concentrations of turbidity, COD, colour, suspended 
solid, and ammoniacal nitrogen in the polishing pond were 200 - 650 NTU, 2,200 – 
3,300 mg/L, 3,000 – 5,000 PtCo, 400 - 730 mg/L, and 190 – 300 mg/L respectively. 
The parameters used in this study were particle sizes of limestone of 4, 12 and 20 
mm, flowrates of 20 mL/min, 60 mL/min, and 100 mL/min and temperatures of 400 
˚C, 600 ˚C and 800 ˚C. Results indicated that a smaller particle size of limestone (4 
mm) was more effective than a larger particle size of limestone (20 mm) because 
smaller sized particles of filter media have higher surface area which leads to high 
adsorption capacity. In contrast, a low flow rate (20mL/min) results in higher column 
saturation time, while higher flow rate results in shorter column saturation time and 
iv 
 
shows low removal efficiency. The study indicated that calcinated limestone at 800 
˚C has the highest removal efficiency for turbidity, COD, colour, SS and NH3-N 
(66%, 50%, 52%, 60% and 57% respectively) at smaller sized filter media (4 mm) 
and lower flow rate (20 mL/min) compared to calcinated limestone at different 
temperature and raw limestone. The batch results showed that the optimum dosage of 
calcinated limestone at 800 ˚C for removing turbidity, COD, colour, SS and NH3-N 
(69.23%, 48.23%, 40.13%, 70.81%, 50% respectively) was 85 g, whereas the 
optimum settling time was 5 hours. High removal efficiency was obtained in acidic 
phase for all parameters, but NH3-N was removed efficiently at pH 10 (58.17%) for 
calcinated limestone at 800 ˚C. The equilibrium adsorption data for turbidity, COD, 
colour, SS and NH3-N (0.959, 0.916, 0.935, 0.909, 0.977 respectively) was well-
fitted with the Langmuir isotherm compared to that of Freundlich isotherm, indicated 
by high R2 value for small sized calcinated (800 ˚C) limestone. 
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CHAPTER ONE 
                                                               INTRODUCTION 
 
 
1.1 Background of the study 
 Palm oil is known as the most suitable harvest product in Malaysia and Indonesia 
(Najafpour et al., 2006). The total area oil palm plantation has increased in the last few 
years, with a consequent boost in palm oil production. As a result, palm oil waste which 
is a by-product of the milling process will also increase. The palm oil production process 
in mills consists of several unit operations. The processing of fresh fruit bunches of oil 
palm results in the generation of different types of residue. Among the waste generated, 
Palm Oil Mill Effluent (POME) is considered the most harmful waste for the 
environment if discharged untreated. Palm oil mill effluent is a thick brownish liquid that 
contains high solids, oil and grease, COD and BOD values. Several treatment 
technologies have been used for POME treatment, since the direct discharge of POME to 
water resource may adversely affects the environment (Rupani et al., 2010). With the 
rapid increase of the palm oil industry and the intensified awareness of the public on 
preventing environmental pollution, it has become an obligation for the industry to be 
socially and aesthetically responsible to treat its effluent before discharging it. In 1977, 
some standards for POME discharge into watercourses have been proposed and legalized 
by the Malaysian Government (Oswal et al., 2002). Since then, palm oil mills operators 
are required to treat their POME prior to discharging it into streams and rivers. The 
history of parameter limits for POME discharge into watercourses in Malaysia is 
summarized in Table 1.1. 
